Objectives-To compare the stability of brain natriuretic peptide (BNP) to that of N-terminal atrial natriuretic peptide (NT-ANP) in whole blood and plasma stored under diVerent conditions. To compare a rapid, simple, direct (unextracted) BNP assay to a conventional assay using plasma extraction. Design-Blinded, prospective, comparative study. Setting-Tertiary referral cardiology department. Subjects-Forty two subjects (24 men, 18 women) comprising 28 patients with left ventricular systolic dysfunction (LVSD) ranging from mild to severe and 14 healthy volunteers. Main outcome measures-Stability of NT-ANP and BNP when stored as whole blood or plasma at room temperature over three days. Reproducibility of measurements. Results-BNP was stable in whole blood stored at room temperature for three days; mean change in concentration −7.4% (95% CI 0.6 to −14.8), (direct), −6.3% (5.0 to −16.4), (extracted); whereas a significant decline in BNP concentration was noted in plasma stored at room temperature; −23.2% (−13.7 to −31.6), (direct); −14.4% (−3.2 to −24.3), (extracted). By contrast a small nonsignificant rise in NT-ANP concentration was noted both in whole blood and plasma stored at room temperature for three days; whole blood +8.6% (+22.3 to −3.5), plasma +6.3%, (23.2 to −8.4). The reproducibility of the BNP measurements, and particularly the rapid, direct, measurement, was superior to that for NT-ANP. Conclusions-BNP is shown to be stable in whole blood for three days and can be measured using a rapid, simple assay. Routine assay of BNP is feasible in ordinary clinical practice and may be of value to general practitioners and hospital based physicians in the diagnosis and management of patients with LVSD. Samples can be sent to a central laboratory without special handling requirements. (Heart 1997;78:594-597) Keywords: brain natriuretic peptide; atrial natriuretic peptide; heart failure; diagnosis Measurement of plasma atrial natriuretic peptide (ANP) or brain natriuretic peptide (BNP) concentration has been recognised as a potentially useful means of identifying patients with left ventricular systolic dysfunction (LVSD).
Measurement of plasma atrial natriuretic peptide (ANP) or brain natriuretic peptide (BNP) concentration has been recognised as a potentially useful means of identifying patients with left ventricular systolic dysfunction (LVSD). [1] [2] [3] [4] [5] [6] Measurement of ANP or BNP may thereby avoid the need for further cardiac investigations or target those investigations at patients most likely to have significant structural or functional heart disease. 7 8 ANP and BNP may also give useful prognostic information after acute myocardial infarction and in heart failure. 3 9-12 Natriuretic peptides may also be used to monitor the response to, and optimise, vasodilator and diuretic therapy in patients with LVSD. The widespread applicability of such a biochemical test is, however, dependent on its ease of use and, in particular, whether careful and complex sample handling is necessary-for example, collection of blood in chilled tubes, separation in a refrigerated centrifuge, and storage of plasma at −70°C. Such conditions are usually applied in research studies but are unrealistic in ordinary clinical practice. The feasibility of using natriuretic peptides in clinical practice also depends, to a lesser extent, on the availability of a simple assay (for example, using a direct, unextracted technique rather than an assay requiring plasma extraction) that can be carried out rapidly, and provide results quickly.
We describe the stability of NT-ANP and BNP under a number of diVerent handling conditions. We report that BNP is suYciently stable to make its use in routine clinical practice, including general practice, feasible. Furthermore, BNP can be measured, in unextracted plasma, using a rapid assay giving results within one day of collection.
Methods

SUBJECTS
Subjects expected to have plasma natriuretic peptide concentrations ranging from normal to high were studied. A total of 42 subjects were investigated (24 men, 18 women). These included nine patients with a recent myocardial infarction (five anterior, four inferior), four with stable heart failure resulting from LVSD caused by ischaemic heart disease, three with unstable angina, two after coronary angioplasty, two after permanent pacemaker insertion, two with rheumatic valvular disease, one after termination of supraventricular tachycardia, one with complete heart block (not paced), one with bacterial endocarditis, three patients with non-cardiac complaints without significant impairment of left ventricular systolic function, and 14 normal volunteers. The mean ages of the patients and the normal volunteers were 64.5 years (range 36-93) and 34.6 years (range 24-62), respectively.
SAMPLE COLLECTION
Blood was drawn from a forearm vein and divided directly into four chilled tubes containing EDTA (1 mg/ml blood) and aprotinin (50 kIU/ml blood). The first sample was kept as whole blood at room temperature (22°C) for 72 hours. The remaining three samples were separated in a refrigerated centrifuge. Two aliquots of plasma were frozen immediately to −70°C, and the final aliquot of plasma was stored at room temperature for 72 hours. Blood samples kept at room temperature were agitated twice daily to avoid separation and simulate postal transport. The whole blood samples were eventually separated after 72 hours and the plasma frozen to −70°C. Samples with visible evidence of haemolysis after separation (n = 3) were discarded. No plasma samples were kept for more than 10 days (or less than seven days) at −70°C, before assay. The assays were performed in two batches with all samples from the same patient being analysed at the same time. Assays were performed blinded to patient identity, storage, collection, and handling conditions. Samples were thawed immediately before assay with determination of plasma NT-ANP and BNP being performed on the same plasma samples.
NATRIURETIC PEPTIDE MEASUREMENT
Brain natriuretic peptide was assayed without prior extraction of plasma using a direct, specific, monoclonal antibody radioimmunoassay kit supplied by Shionogi (Settsu-shi, Osaka, Japan). 13 NT-ANP (1-30) and BNP were also assayed by radioimmunoassay after extraction from acidified plasma using C18 reverse phase columns (Sep-Pak, Waters Associates Ltd) using a modification of a previously described method.
14 A Peninsula Laboratories antibody, RAS 9129, (Belmont, California, USA) was used for NT-ANP, and a Peninsula Laboratories kit for BNP. All samples were run in duplicate and the average of the two measurements reported. The between assay coeYcients of variation were 15% for the NT-ANP extraction assay and 16% for the BNP extraction assay.
STATISTICAL ANALYSIS
Because of their skewed distributions, all analyses on BNP and NT-ANP concentrations were carried out on the logarithmically transformed data. The average results for the two aliquots frozen immediately were used for comparison with the data for samples stored at room temperature. DiVerences among the various approaches for handling the samples before storage were assessed by paired t tests and corresponding 95% confidence intervals. To aid interpretation, these confidence intervals on a logarithmic scale were transformed into percentage diVerences. Comparisons between groups were based on two sample t tests. The reproducibility of the assays was assessed using the paired samples frozen immediately. The sample variance between samples within subjects is expressed as a percentage of the sample variance of the measurement between subjects.
Results
RANGE OF PLASMA NATRIURETIC PEPTIDE
CONCENTRATIONS
Plasma BNP concentrations ranged from 3.1 to 1375.9 pg/ml (mean 262.9), using the direct assay and from 6.6 to 492.8 pg/ml (mean 92.8), using the extraction assay.
NT-ANP concentrations ranged from 0.7 to 15.9 ng/ml (mean 4.5) after extraction.
REPRODUCIBILITY OF ASSAYS
The variance of measurements between aliquots from the same subject, expressed as a percentage of the variance between subjects was 0.1%, 3.0%, and 6.0% for directly measured BNP, extracted BNP, and NT-ANP respectively. The reproducibility of all measurements was good, with BNP measurements, and particularly the direct measurement, being more reproducible than those for NT-ANP.
STABILITY OF NATRIURETIC PEPTIDES
Brain natriuretic peptide
Only a minor non-significant decline in BNP concentration was noted between samples processed conventionally by immediate separation and freezing, and those stored in whole A more pronounced decline in BNP concentration was noted with storage of samples as plasma, as compared with whole blood, at room temperature for 72 hours, which was significant for samples processed by both techniques. The mean change in concentration was −23.2% (−31.6 to −13.7) p = 0.0004 with the direct assay, and −14.4% (−24.3 to −3.2) p = 0.015 with the extracted assay. This was an unexpected but consistent finding of all samples (fig 2) .
N-terminal atrial natriuretic peptide
A small non-significant rise in NT-ANP was noted in whole blood, at room temperature, over a three day period; mean change in peptide concentration; +8.6% (−3.5 to 22.3) p = 0.16, (fig 3A) . This was similar in samples stored as plasma over the same time period; mean change in peptide +6.3% (−8.4 to 23.2) p = 0.40, (fig 3B) .
Discussion
This study confirms previous findings that NT-ANP is reasonably stable in whole blood at room temperature over a period of days. 15 More importantly it shows, for the first time, that BNP is stable for 72 hours. This finding is critical because stability over time is a pre-requisite for the use of BNP in a clinical setting. It is also important because of the potential superiority of BNP over ANP or NT-ANP as a marker of LVSD. 5 12 16-19 The potential of BNP as a clinical tool is even greater because of the finding that the simpler and faster direct assay for BNP performed at least as well as the assay requiring plasma extraction. Specifically, we have established that BNP has the biochemical properties that would enable it to be used in ordinary clinical practice, by both general practitioners and hospital based physicians, for diagnostic assessment of patients with LVSD. In this context, by daily agitation of samples to simulate postal transport, we have confirmed that the stability of BNP would be suYcient to allow for blood samples collected in the community to be sent to a central laboratory by mail. For example, BNP might be measured, in this way, in patients suspected of having heart failure in primary care, most of whom will not have significant structural heart disease. 20 21 Only those patients with an increased BNP concentration would then go on to have echocardiography. Such an approach has the potential to greatly reduce the number of unnecessary echocardiographies performed.
One curious and unexplained finding in this study was the significant decline in BNP concentration noted in plasma, compared with whole blood, at room temperature for three days. This finding suggests that the simpler option of collecting and storing or posting whole blood is preferable to separating plasma. In summary we have shown that BNP is stable in whole blood and can be reliably measured using a simple, rapid assay. BNP could feasibly be used in ordinary clinical practice.
